Distribution of a neutral cardioplegic vehicle during the development of ischemic myocardial contracture.
During prolonged ischemic cardiac arrest successful myocardial protection depends upon uniform delivery of cardioplegic solutions to all regions of the heart. Accordingly, we studied the regional and transmural distribution of a neutral crystalloid (dextran-saline) solution during normothermic (37 degrees C) ischemia in 18 isolated blood-perfused dog hearts (isovolumic left ventricle). In the baseline state, coronary perfusion pressure was 100 mmHg. At the onset of ischemia and every 15 min throughout ischemia, we infused 100 ml of crystalloid solution (37 degrees C) at a perfusion pressure of 100 mmHg and the distribution of crystalloid solution was assessed (radioactive microsphere technique). The hearts were reperfused after 60 min (n = 9) or 90 mins (n = 9) of ischemia. In the baseline pre-arrest state the left ventricle (LV) received 67 +/- 1.0% of the total coronary blood flow; the LV subendocardial to subepicardial flow ratio was 1.33 +/- 0.18, the LV end diastolic pressure was 7.5 +/- 0.4 mmHg, and mean transmural myocardial adenosine triphosphate (ATP) was 16.4 +/- 1.1 microM/g DW. At the onset and throughout the first 45 mins of ischemia (n = 9), regional and transmural distribution of the crystalloid solution was similar to that of coronary blood flow during the baseline state; there was no change in LV end diastolic pressure, but there was a moderate fall in ATP content (7.26 +/- 1.6 micron/g DW). After 75 mins of ischemia (n = 9), despite the development of ischemic contracture (LV end diastolic pressure exceeded 20 mmHg in all 9 hearts) and marked ATP depletion (2.76 +/- 0.5 microM/g DW), there was an increase in crystalloid solution delivery to the LV as a whole and the subendocardium in particular (the LV received 82 +/- 2.0% and the subendocardial to subepicardial flow ratio was 1.75 +/- 0.1). Even in a subgroup with severe contracture during ischemic arrest (LV end diastolic pressure greater than 60 mmHg, n = 4) there was no reduction in crystalloid solution delivery. Thus, the presence of ischemic contracture does not preclude delivery of crystalloid solution to the LV subendocardium.